Carrageenan‐Induced Inflammation and Its Effects on Mitotic Activity and Keratinization of Gingival Epithelium by Caffesse, Raul G. et al.
Carrageenan-lnduced Inflammation and Its Effects on
Mitotic Activity and Keratinization of Gingival Epithelium*
A Histologie and Autoradiographic Study
Raul G. Caffesse,t Carlos E. Nasjleti+ and Charles J. Kowalski§
Accepted for publication 15 May 1984
This study was undertaken in order to: (1) evaluate the cell population in carrageenan-
induced inflammation and (2) investigate the extent to which this inflammation modified
mitotic activity, and keratinization of the sulcular epithelium induced by daily prophylaxes
in monkeys. Normal-keratinized oral gingival epithelium was also evaluated for these
processes in the same gingival specimens. Each of three adult Rhesus monkeys received a
thorough prophylaxis 1 week prior to the experiment. Over the 10-week experimental period,
each monkey received daily rubber cup prophylaxes. In addition, during the last 10 days,
daily gingival injections of a 1 % carrageenan saline solution and normal saline solution were
given. One hour prior to sacrifice, each monkey received an intravenous injection of tritiated
thymidine, 1 ¿¿Ci/gram of body weight. After sacrifice and tissue processing, the histologie
sections were evaluated. It was found that the carrageenan solution injected into gingival
tissues produced an acute inflammatory response consisting of polymorphonuclear leuko-
cytes PMNs (61.3%), lymphocytes (5.2%), monocytes/macrophages (23.5%), plasma cells
(2.0%) and unidentified cells (3.8%). An Inflammatory Index and a Mitotic Activity Index
were determined, and keratin length and widths were measured. Data were analyzed
statistically using analysis of variance. Pairwise comparisons were also made using Scheffe's
method of multiple comparisons. The study showed that: (1) carrageenan solutions injected
into gingival tissues elicited an acute inflammation; (2) acute inflammation present in
gingival connective tissue stimulated an increase in mitotic activity in subjacent gingival
epithelium; (3) acute inflammation within gingival tissues did not modify the induced-
keratinized sulcular epithelium, or the normally-keratinized oral gingival epithelium; and
(4) acute inflammation may not necessarily affect tissue keratinization, if bacterial plaque is
removed daily.
Numerous histologie and autoradiographic studies
have been done in gingival tissues to determine if a
relationship exists between the degree of connective
tissue inflammation and epithelial proliferation,1"10 or
surface keratinization.10"14 The presence of inflam-
mation was shown to be associated with an increase in
epithelial mitotic activity in the gingiva of humans,1"4
rats5 and monkeys.6"9 Mitotic activity of the epithelium
overlying infiltrated connective tissue was significantly
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greater than that overlying normal connective tissue.
Further, it was shown that mitotic activity in gingival
epithelium was related to the extent of, and the com-
position of the connective tissue infiltrates.9 However,
in a study undertaken to evaluate the possible relation-
ship between connective tissue inflammation, epithelial
mitotic activity and keratinization in the gingiva of
Rhesus monkeys,10 the severity of inflammation was
not related to the mitotic activity of the adjacent epi-
thelium, but was inversely related to the degree of
keratinization. It has also been shown that a decrease
in keratinization was associated with underlying con-
nective tissue inflammation.11"13 However, in a study
designed to evaluate the effect of dextran-induced
chronic inflammation on gingival keratinization, it was
found that inflammation may not necessarily affect





A number of recent studies from this laboratory have
demonstrated that: (1) systemic antibiotics and local
prophylaxes, as single agents or in combination, were
effective in reducing inflammation within the gingival
tissues; (2) the reduction in inflammation obtained by
either method allowed sulcular epithelium keratiniza-
tion to develop; (3) this keratinization was significantly
increased by performing daily subgingival prophylaxes;
and (4) mechanical stimulation of the gingival sulcular
epithelium seemed to promote keratinization.14"16
It has been demonstrated that the algal Polysaccha-
ride, carrageenan, induced acute inflammation when
injected in the rat hindlimb.17 When it was injected
repeatedly over a 3- to 6-month period, the repeated
acute inflammation, however, did not lead to chronic
inflammation.18 Acute inflammatory responses were
also demonstrated when carrageenan was injected into
the pleural or peritoneal cavity of the rat.19 Carra-
geenan-induced acute inflammation caused a signifi-
cant increase in the percentage of binucleated kerati-
nocytes in guinea pig palatal epithelium.20
This study was undertaken in order to: (1) evaluate
the cell population in carrageenan-induced inflam-
mation and (2) investigate the extent to which this
inflammation modified both mitotic activity, and ker-
atinization of the sulcular epithelium induced by daily
prophylaxes in monkeys. Normally keratinized oral
gingival epithelium was also evaluated for these proc-
esses in the same gingival specimens.
MATERIALS AND METHODS
Three healthy adult male Rhesus monkeys {Macaca
mulatta) having complete dentitions with moderate
supra- and subgingival calculus and moderate marginal
gingivitis were used. One week prior to the experiment,
all teeth were thoroughly scaled and polished. All ani-
mals received IV tetracycline hydrochloride (Achro-
mycin") at dosage of 20 mg/kg body weight, daily, for
1 week. At the end of the pre-experimental week, all
three monkeys began the first stage of a two-stage
experimental regime. It consisted of daily rubber cup
prophylaxes accomplished by polishing with a prophy-
laxis paste (Nupro"). Such treatments were performed
during the 5 weekdays only, for 10 weeks.
At the end of the 8th week, one gingival biopsy from
each of the three monkeys was taken and used to
determine sulcular induced-keratinization. Since the
biopsies showed keratinization, the second experimen-
tal stage was started. During the continuation of pro-
phylaxes, 200 µ of 1% carrageenan in saline was in-
jected into the gingival tissues, buccally and lingually,
in one quadrant of each monkey. Lambda-carra-
geenan* a nongeling form was used. Physiological saline
(200 µ\) injected into the gingival tissues in a different
quadrant, served as the control. A third quadrant was
* Sigma Chemical Co. St. Louis. MO.
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used as an uninjected control. The fourth quadrant in
each monkey was used as a duplicate of one of the
above mentioned treatments. In each quadrant, the
gingival tissues of the bicuspids, first and second molars
were used. Injections were repeated for 10 days, at
which time the animals were sacrificed. Following an-
esthetization with pentobarbital sodium, the monkeys
received, by intravenous injection, a dosage of tritiated
thymidinet 1 µ /gm body weight (Specific Activity
6.7 mmol). All animals were sacrificed 1 hour after the
thymidine injection. The heads were dissected, fixed in
10% buffered formalin solution, and decalcified in 20%
formic acid. Specimens were embedded in paraffin,
sectioned buccolingually at 6 um intervals, and
mounted on glass slides. Every fifth slide or tissue
section was processed for autoradiographic evaluation
using Kodak's nuclear track emulsion,! type NTB-3,
according to the dipping technique of Joftes.21 The
remaining slides were stained with either Harris's he-
matoxylin and eosin22 or Rhodamine  .23 A total of
1,152 microscopic slides were evaluated for the study.
Of these, 384 slides prepared for autoradiographic eval-
uation were used for counting tritiated thymidine la-
beled epithelial basal cells, 128 per monkey, 32 per
quadrant; 384 slides stained with Rhodamine  were
used for measuring keratin; and an equal number of
slides stained with hematoxylin and eosin were used for
identification and counting of inflammatory cells pres-
ent in connective tissue.
Autoradiographic Evaluation. Autoradiographs were
examined using a binocular microscope at lOOx mag-
nification. Labeled epithelial basal cells were counted
at three different zones (Fig. 1). Zone A (the sulcular
epithelium eresiai zone) included the coronal one-half
of the sulcular epithelium and its subjacent connective
tissue. Zone  (the sulcular epithelium cervical zone)
was comprised of the remaining one-halfof the sulcular
epithelium extending to the beginning of the junctional
epithelium. Zone C (the oral gingival epithelium zone)
included the oral gingivae at the level corresponding to
the boundary separating Zone A and Zone B. These
zones were evaluated on each of the 384 slides by
selecting one microscopic field in each zone. This field
represented, at lOOx magnification, a rectangle of 100
X 69 µm. In these fields, labeled epithelial cells were
counted using a Veeder§ hand tally counter, and the
value was recorded. In each quadrant, a Mitotic Activity
Index was obtained by using these values, as previously
described.8
Histologie Evaluation. Rhodamine  stained slides
were evaluated for the determination of the presence or
absence of keratin in the previously described zones: A,
 and C. In Zones A and  combined, the length and
width of the keratin layer, if present, was measured
t New England Nuclear, Boston, MA.
I Eastman Kodak Co. Rochester, NY.
§ Veeder Root Vue, Hartford, CT.
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Figure 1. Diagram showing the location of the three zones A,  and
C where the histologie and autoradiographic evaluations were per-
formed.
using a Filar Micrometer Eyepiece.* In Zone C (oral
gingival epithelium zone) the width of the keratin was
similarly measured.15 The degree of inflammation in
the connective tissue subjacent to epithelial Zones A,  
and C was also evaluated. An Inflammatory Index was
obtained for each zone by counting the number of
inflammatory cells present within a microscopic field,
as previously described.15 Cell identification was also
performed based on previously reported morphological
criteria relating to nuclear shape and cell size.24 Inflam-
matory cells included monocytes, macrophages, lym-
phocytes, plasma cells, polymorphonuclear leukocytes
(PMNs), and unidentified cells. In addition, normal
fibroblasts present in connective tissues were also
counted in order to determine if any relationship ex-
isted between them and the inflammatory cells.
Statistical Analysis. The individual values recorded
in each slide for mitotic activity, inflammation, and
keratin length and widths were used to determine a
mean value for each quadrant in each monkey. These
"means per quadrant" values were used to compute an
overall mean for each parameter mean, in each treat-
ment group. The mean values for the Mitotic Activity
Indices, Inflammatory Indices, and Keratin Length and
* Bausch and Lomb, Rochester, NY.
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Keratin Widths in the carrageenan, saline and control
groups were compared using analysis of variance. Pair-
wise comparisons were made using Scheffe's method of
multiple comparisons. Correlation coefficients were
also computed to see whether the parameters tested
were at all related. For statistical analysis the number
of animals used was considered as the statistical unit.
RESULTS
After the experimental procedures, the gingiva of the
uninjected control quadrants remained clinically
healthy with firm, pink, and knife-edged gingival mar-
gins. The gingiva of the normal saline-injected control
quadrants appeared rounded and evidently inflamed,
whereas the carrageenan-injected quadrants demonstra-
ted gingival enlargement. This edematous gingiva bled
easily upon slight provocation.
Histologie examination of the gingival tissues dem-
onstrated an ortho- or para-keratinized band covering
not only the oral gingival epithelium but also the sul-
cular epithelium. Rete ridges were prominent in the
sulcular epithelium to such an extent that the dimen-
sions and morphology of this epithelium were compa-
rable to those of the oral gingival epithelium (Fig. 2A).
In uninjected control specimens, although histologi-
cally normal, a minimal or residual inflammatory cell
infiltration was evident in the connective tissue adjacent
to the sulcular and junctional epithelium (Fig. 2A).
Connective tissues in gingival specimens injected with
normal physiological saline solution demonstrated: ( 1 )
vasculitis of vessels and a partial loss of collagen fiber
network supporting the marginal gingiva, (2) cytopathic
alterations in resident fibroblasts and (3) an increased
migration of leukocytes into the injected marginal gin-
giva. Gingival specimens injected with carrageenan so-
lution showed: (1) the fiber bundles of the marginal
gingiva lost their characteristic orientation and archi-
tecture completely; (2) superimposed upon this picture
is a dense infiltrate of inflammatory cells, mainly
PMNs; and (3) a total loss of collagen is apparent in
the zone of cellular infiltration (Fig. 3A).
In these gingival specimens the cell population pres-
ent in connective tissues was estimated; the results are
presented in Table 1. However, since the primary ob-
jective of the present study was to relate the number of
inflammatory cells to the connective tissue background
in an expression of the relative severity of the carra-
geenan-induced inflammation, inflammatory cells were
grouped into a single category for the purpose of ob-
taining the Inflammatory Indices.
The mean values for the Inflammatory Indices (II),
Mitotic Activity Indices (MAI), Keratin Length (KL)
and Keratin Widths (KW) are presented in Table 2.
Analysis of variance showed significant differences for
the II in each of the three zones considered. Pairwise
comparisons were then made and each of the groups
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Figure 2. A, control uninjected gingival specimen showing a minimal or residual inflammatory cell infiltration. B, autoradiograph serial section
ofA (Rhodamin  stain, magnification x 40).
was significantly different from one another (P < 0.05) differed from the control but none of the other pairwise
in Zones A and C. In Zone B, the carrageenan group comparisons proved to be statistically significant. Nor
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were the three MAI different in the three groups. One
can note, however, that the same pattern of responses
was observed as for the II. In all zones, the MAI were
highest in the carrageenan group, had intermediate
values in the normal saline group, and were lowest in
the control group (Figs. 2B and 3B).
Keratin Length was significantly different in the three
groups using the analysis of variance (P = 0.03) but the
only significant pairwise comparison was that between
the carrageenan and the saline groups. Keratin Width
was found to differ in the saline and control groups. In
Zone C, differences between the three groups were
nonsignificant. Correlation coefficients were also com-
puted to determine if the MAI and the II were related.
The respective correlations in Zones A,  and C were
0.73, 0.76 and 0.49 showing that increases in one of
the indices is generally accompanied by an increase in
the other. Keratin Width on the other hand, was nega-
tively correlated with each of the indices in all three
zones, i.e., the higher the levels of MAI and II, the
lower the formation of keratin.
DISCUSSION
Our finding, regarding the presence of a minimal or
residual inflammatory infiltrate in connective tissue of
control uninjected gingival specimens from monkeys
receiving oral prophylaxes, is not too surprising. In
previous studies, inflammatory cells were regularly
found in healthy gingivae of humans,25"27 monkeys28 29
and dogs.30,31 Inflammatory cell infiltration into gingi-
val connective tissues has been found to occur even in
germ-free animals.32 33
Table 1
Estimated Percentages of the Celt Population Present in Uninjected





Fibroblasts 77.7 43.8 4.2
PMNs 3.0 33.5 61.3
Monocytes/macrophages 5.0 9.0 23.5
Lymphocytes 9.3 10.0 5.2
Plasma cells 3.0 2.0 2.0
Unidentified cells 2.0 1.7 3.8
Table 1 illustrates the effect of injecting normal saline
and carrageenan solutions on gingival cell population.
Both experimental solutions effectively changed the cell
population so that PMNs as well as monocytes/mac-
rophages tended to increase, while lymphocytes and
plasma cells remained at the level of control specimens
or were markedly reduced. Clearly, carrageenan seemed
to have a pronounced effect on the proportion of cell
types present in the injected tissues. In these tissues
around 62% of the cell population was comprised of
PMNs and 24% of monocytes/macrophages. Injected
carrageenan in gingival tissues produced a frank acute
inflammatory reaction. This result is compatible with
the findings of other investigators who have used car-
rageenan to provoke acute inflammation.17"20 However,
results from studies involving the complement system
seem to contradict these findings. The effect of serum
decomplementation by carrageenan on the emigration
of PMNs and monocytes into the dog gingival crevices
has been evaluated.3435 Decomplementation by carra-
geenan resulted in a pronounced decrease in the num-
ber of junctional PMNs and monocytes. Carrageenan
was simultaneously injected in doses of 80 mg/kg body
weight intraperitoneally, and 25 mg/kg body weight
intravenously. The conflicting results may be accounted
for by differences in the animal model, differences in
the route or mode of carrageenan administration, or by
differences in the amount injected.
Under the influence of persistent acute inflammation
in the gingival tissues, produced by carrageenan, the
collagen-dense and fibroblast-rich connective tissue was
converted into a tissue extremely poor in collagen and
fibroblasts, and high in PMNs and monocytes/macro-
phages. PMNs and monocytes constitute the major line
of defense against all forms of injury and microbial
challenge around teeth and throughout the body. These
cells carry out their important protective function by
moving chemotactically to appropriate sites, phagocy-
tizing, killing and digesting microorganisms, and en-
gulfing and destroying noxious substances and damaged
tissue.36"38 In addition to providing protection against
foreign challenge, PMN's and monocytes have the ca-
pacity to participate in an important way in tissue
destruction. These cells carry potent acid hydrolases,
Table 2
Mean Values for the Inflammatory Indices (II), Mitotic Activity Indices (MAI), Keratin Length (KL) and Keratin Widths (KW) in the Zones
Considered (ANOVA)
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I Indicates no significant difference (Scheffe's procedure)  < 0.05.
* For each of the three experimental groups, 384 slides or tissue sections were evaluated.
t Standard deviations in parentheses.
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collagenases, Prostaglandins and other substances hav-
ing the capacity to destroy collagen and other connec-
tive tissue substances.37"19 Collagenolytic activity of in
vitro expiants has been studied.40 In that study, for the
preparation of the explants, a 1% solution of carra-
geenan in normal saline was injected subcutaneously
in the abdominal wall of guinea pigs and rabbits, 5 and
15 ml, respectively. These injections elicited a local
response, called granuloma; however, the cell popula-
tion is characterized by an increased number of PMNs
and macrophages. The study showed that collagen ré-
sorption resulted from a macrophage-related collagen-
ase activity.40
The data in Table 2 show that although not statisti-
cally significant, the presence of carrageenan-induced
acute inflammation causes an increase in the mitotic
activity of the adjacent gingival epithelium. This finding
agrees with the results of others who have shown that
the presence of inflammation stimulated mitotic activ-
ity.1"9 However, there is an unconfirmed study showing
that no relationship exists between mitotic activity of
the gingival epithelium and the severity of inflam-
mation in the connective tissue area.10
Table 2 also shows that carrageenan-induced acute
inflammation did not modify the normally-keratinized
oral gingival epithelium, or the induced-keratinized
sulcular epithelium. We reported recently that similar
results were obtained when dextran solutions were in-
jected into gingival tissues of monkeys.14 Dextran-in-
duced chronic inflammation did not affect keratiniza-
tion when bacterial plaque was removed daily. These
findings strongly suggest that the control of acute or
chronic inflammation within the gingival tissues is not
as critical as the removal ofbacterial plaque. Evidence,
in support of this notion, comes from clinical studies
in humans which showed that no significant differences
were observed during the development of inflammation
in areas with or without attached gingiva.41"46 Similar
evidence is seen in studies using dogs,47 48 monkeys49
and miniature swines.50 The authors concluded that a
rationale to increase the width of gingiva to provide a
fibrous barrier to inflammation did not seem prudent.
It appears, therefore, that little, if any, keratinized gin-
giva is necessary for the maintenance ofgingival health,
if plaque control is well maintained.
CONCLUSIONS
Within the limits of this study it may be concluded
that:
1. Carrageenan in solution injected into gingival tis-
sues produced an acute inflammation.
2. Acute inflammation present in gingival connec-
tive tissue stimulated an increase of mitotic activity in
overlying gingival epithelium.
3. Acute inflammation within gingival tissues did
not modify the induced-keratinized sulcular epithe-
lium, or the normally-keratinized oral gingival epithe-
lium.
4. Acute inflammation may not necessarily affect
keratinization, if bacterial plaque is removed daily.
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In Memóriám
Roger Raymond Nolop, DDS
1912-1980
We have just been informed that Dr. Roger R. Nolop of Mankato, Minnesota, died
some time in 1980. He was graduated from the University of Minnesota in 1936 and
carried on a general practice until 1959. He then limited his practice to periodontics
until his retirement in 1969.
Dr. Nolop served on the Almsted Community Hospital staff in Rochester, Minnesota
and St. Joseph's Hospital in Mankato, and served in the US Navy for 3 years. He was a
past president of the American Legion in Ortonville, Minnesota.
Dr. Nolop was active in organized dentistry, serving as vice-president of his district
dental society in 1953.
